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Why	  measure	  the	  magneFc	  ﬁeld	  in	  the	  
chromosphere?	  
Solar	  and	  Space	  Physics:	  A	  Science	  for	  a	  Technological	  Society,	  2013	  
Why	  has	  it	  not	  been	  measured	  before?	  
MagneFcally	  sensiFve	  
spectral	  lines	  formed	  in	  
chromosphere	  are	  not	  
in	  the	  visible	  
wavelength	  range,	  so	  
measurements	  have	  to	  
go	  above	  atmosphere.	  
Advances	  in	  theoreFcal	  modeling	  of	  the	  
chromosphere	  and	  transiFon	  region	  
allow	  for	  predicFon	  and	  interpretaFon	  
of	  the	  results.	  	  
Chromospheric	  Lyman-­‐Alpha	  
Spectropolarimeter	  (CLASP)	  
Science	  Goal	  2:	  Detect	  polarizaFon	  in	  the	  line	  core.	  
•  Modiﬁed	  by	  the	  magneFc	  ﬁeld	  
•  Magnitude	  of	  the	  polarizaFon	  is	  ~	  0.1%	  
•  Accuracy	  required	  technological	  advances	  in	  
mirror	  coaFngs	  and	  low-­‐noise	  detector	  systems	  
Trujillo	  Bueno	  et	  al.	  2011	  Belluzzi	  et	  al.	  2012	  
Science	  Goal	  1:	  Detect	  scaXering	  polarizaFon	  in	  
the	  wings	  of	  Lyman-­‐alpha.	  	  	  
•  SensiFve	  to	  the	  thermal	  structure	  of	  the	  
chromosphere.	  
•  Not	  sensiFve	  to	  magneFc	  ﬁeld.	  
•  Magnitude	  of	  the	  polarizaFon	  is	  ~	  few	  percent.	  Holy	  grail:	  Use	  line	  core	  polarizaFon	  to	  infer	  the	  
chromospheric	  magneFc	  ﬁeld.	  	  	  
Requires	  accurate	  calibraFon	  
Requires	  theoreFcal	  modeling	  for	  interpretaFon	  	  
Chromospheric	  Lyman-­‐Alpha	  
Spectropolarimeter	  (CLASP)	  
MSFC/USA	  (PI:	  A.	  Winebarger)	  –	  Cameras,	  
avionics,	  project	  management,	  coordinaFon	  
w/	  NASA	  launch	  team	  
NAOJ	  &	  JAXA/Japan	  (Co-­‐PI:	  R.	  Kano)	  –	  OpFcs	  
&	  opto-­‐mechanics,	  instrument	  structure	  
IAS/France	  (Co-­‐PI:	  F.	  Auchère	  )	  –	  DiﬀracFon	  
GraFng	  
IAC/Spain	  (Co-­‐PI:	  J.	  Trujillo	  Bueno)	  –	  
TheoreFcal	  predicFons	  and	  modeling	  of	  the	  
Hanle	  eﬀect	  
CLASP	  is	  a	  dual	  channel	  
spectropolarimeter	  to	  measure	  
the	  polarizaFon	  of	  Lyman-­‐
alpha.	  
	  
CLASP	  was	  designed	  and	  built	  
through	  an	  internaFonal	  
partnership.	  	  ScienFsts	  from	  11	  
organizaFons	  and	  6	  countries	  
form	  the	  CLASP	  team.	  Primary	  
teams	  and	  responsibiliFes	  are	  
listed	  below.	  
Chromospheric	  Lyman-­‐Alpha	  
Spectropolarimeter	  (CLASP)	  
[1]	
[3]	
[2]	
CLASP	  was	  launched	  on	  September	  
3,	  2015	  from	  White	  Sand	  Missile	  
Range	  
Chromospheric	  Lyman-­‐Alpha	  
Spectropolarimeter	  (CLASP)	  
CLASP	  IniFal	  Results	
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Temporally	  averaged	  
±3%	
Further	  calibraFons/invesFgaFons	  are	  required,	  
but	  …	  
•  A	  few	  %	  of	  polarizaFon	  in	  the	  wing,	  	  
and	  a	  few	  of	  0.1	  %	  in	  the	  core.	  
•  A	  clear	  C-­‐to-­‐L	  variaKon	  in	  the	  wing	  of	  Q/I.	  
•  Small-­‐scale	  structures	  along	  the	  slit.	  
•  Q/I	  proﬁle	  is	  essenFally	  consistent	  with	  the	  
model	  predicKon.	  
Belluzzi	  et	  al.	  2012	  
CLASP	  2	  proposes	  to	  change	  the	  wavelength	  to	  Mg	  II	  h&k,	  
another	  set	  of	  magneFcally	  sensiFve	  spectral	  	  lines	  in	  the	  UV	  
at	  ~	  280	  nm.	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Observing	  target:	  QS	  
and	  plage	  (if	  available)	
M
g	  II	  h&
	  k	  line	  core	  im
age	  obtained	  by	  IRIS	  	
What	  is	  next	  for	  CLASP?	
k h 
Without	  signiﬁcant	  modiﬁcaFon	  of	  CLASP1	  
opFcal	  design	  and	  structures,	  we	  propose	  to	  
change	  the	  wavelength	  to	  Mg	  II	  h&k	  	  
•  Proposed	  to	  ﬂy	  in	  2018	  Spring!	
11	
2
Figure 3: Left: Theoretical estimate of the Q/I signals in Mg ii k (for a on-disk observation close
to the limb) produced by scattering processes in the solar transition region. Right: The wavelength
variation of V/I around the Mg ii k line, taking into account the Zeeman e↵ect of a longitudinal
magnetic field of 50 G. The solid lines correspond to the pure theoretical solution without any
spectral smearing. Dashed curves include the e↵ect of spectral smearing by convolving with a
Gaussian of FWHM of 0.018 nm (PSF estimated from CLASP1 performance, see Section 3.4).
The asterisks consider a spectral sampling of 0.011 nm/pix (Figure 5), resulting in an e↵ective
wavelength resolution of 0.022 nm (Nyquist limited).
2.3.5 Spatial and Temporal Resolution
As IRIS has demonstrated and we expect CLASP1 will expand on our understanding, the
upper chromosphere is a very dynamic region with rapid variations of density and tempera-
ture on small scales and physical conditions that vary between adjacent magnetic field lines.
However, the rapid changes in the thermodynamics are not necessarily associated by equally
large fluctuations in the magnetic field. The magnetic structure in the upper chromosphere
is very likely relatively simple, being almost force-free (Judge, 2006). Here we use the typical
length scales and lifetimes of structures as a proxy for the required resolution.
Mg ii h and k line core images of the quiet Sun (see Figure 4) reveal the existence of thin
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Figure 4: Images of the quiet Sun disk separated by a 5 minutes interval taken with IRIS at the
core of the Mg ii h & k lines.
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Figure 4: Images of the quiet Sun disk separated by a 5 minutes interval t ken with IRIS at the
core f the Mg ii h & k lines.
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Measurement	  of	  
circular	  as	  well	  as	  
linear	  polarizaFons	
Observing	  target:	  QS	  
and	  plage	  (if	  available)	
Q/I	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  pol.	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  Hanle)	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What	  is	  next	  for	  CLASP?	
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What	  is	  next	  for	  CLASP?	
Belluzzi	  &	  Trujillo	  Bueno	  (2012;	  ApJ	  LeTers)	  
k	  
h	  
Sign-­‐reversal	  
1%	  
-­‐3%	  
Q/I = 0 
Linear	  polarizaFon	  sensiFve	  to	  scaXering	  
polarizaFon	  and	  Hanle	  eﬀect	  from	  5-­‐50	  G.	  	  	  
Circular	  polarizaFon	  sensiFve	  to	  Zeeman	  
eﬀect	  for	  B	  >	  50	  G.	  	  	  
Proposed	  to	  ﬂy	  in	  Spring	  2018.	  
Successful	  Mission	  was	  due	  to	  the	  
CLASP	  Team	  
